Reactions of the tantalocene(su1fido)hydride Cp',Ta(=S)H with PhNCS and HCI exhibit a surprisingly low metal-hydride reactivity; the Ta=S bond being involved either in a [2 + 21 cycloaddition or a protonation.
Interest in the chemistry of metallocenes containing doubly bonded chalcogene ligandsl is particularly focused on 0x0 compounds.2-4 The metal-sulfur double bond of group 4 metallocene sulfides may also exhibit exceptional reactivity.5
A peculiar property of the higher group 5 metallocene sulfides (M = Nb, Ta) is that they contain an additional hydride ligand.6 A typical example is C~'~T a ( v 2 -s~) H (Cp' = ButC5H4), which readily undergoes a desulfurisation reaction in the presence of phosphine, resulting in the formation of the monosulfur complex 1, Cp'2Ta(=S)H (Scheme 1). The combination of a nucleophilic sulfur ligand with a hydride ligand may be expected to form a difunctional metallocene. Characteristic of the M-H moiety (M = Nb, Ta) are insertion reactions with heterocumulenes,7 elemental sulfurs and activated alkynes. 9 We now report the first results on the reaction Complex 1 reacts with phenylisothiocyanate in boiling toluene to form a cream-coloured product. After chromatography and crystallisation from chloroform colourless crystals of 2 are obtained in 45% yield (Scheme 1). The spectroscopic? data are consistent with a product resulting from a cycloaddition of the ligand to the Ta=S double bond, only one isomer being formed. In the IR spectrum, the disappearance of the Ta=S absorption was concomitant with strong absorptions at 1483 and 1379 cm-1, characteristic of a conjugated N-C-S bond system. Another striking feature is the downfield shift of the TaH resonance in the 1H NMR spectrum from 6 2.79 in C P '~T~( S~) H to 6 7.91. A similar shift is observed for 1 and may be characteristic of TaV complexes containing electronwithdrawing ligands. There is no proof for the insertion into (s, 18H, Bu'), 5 .31 (9, 2H, C5H4), 5.54 (9, 2H, CSHJ), 6.00 (4, 2H, the tantalum-hydride bond as observed in the reaction of heteroallenes with monohydride-tantalum(xI1) complexes.7 An X-ray analysis ( Fig. 1) confirms that 2 contains a planar N, S-coordinated dithiocarbamate. $ However, there is only indirect evidence for the hydride: the orientation of the chelate is such that the N atom is close to the plane defined by the two ring centres and Nb. The remarkable selectivity of the chelate formation might have been initiated by a frontal attack of the C=N bond at the metal, followed by a [2 + 21 cycloaddition. Such a mechanism has been well documented for the insertion of alkynes into the M-L bond of bent metallocenes.10 A lateral attack would have lead to the orientation of S next to the hydride but is probably hindered by the But substituents. Another aspect of the reactivity of 1 is illustrated by its behaviour towards HC1 (Scheme 2). The ABCD pattern of the aromatic protons in the 1H NMR spectrums indicates that product 3 is in agreement with an unsymmetric distribution of the hydrido and the two chloro ligands. Thus, the formation of 3 seems to occur by an electrophilic attack of H+ at sulfur, followed by a reductive elimination of H2S and then by an oxidative addition of HCl. The nature of 3 is supported by an independent experiment: the 16e complex c~'~T a C 1 , prepared by reduction of c~'~T a C 1~ with 1 equiv. of NdHg, also reacts with HCl to afford a compound with similar properties.
As the latter reaction provides an easy access to 3, the reactivity of this new type of TaV compounds was investigated by treatment of 3 with 10% aq. KOH. From this reaction the oxo-hydrido-tantalocene 4, another representative of doubly bonded main group ligand, was obtained in good yields (Scheme 3). IR, 1H NMR and mass spectroscopy data1 are close to those of (C5Me&Ta(=O)H, which has been characterised X-ray crystallographically.2 Finally, it should be noted that compounds 3 and 4 as well as 1 and 2 exhibit 1H NMR resonances that suggest a proton rather than hydride character for the TaH group. The reaction potential of this novel class of compounds is under investigation.
